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Recent experiments have focused attention on the properties of chains of atoms in which the atoms
are either in their ground states or in highly excited Rydberg states which block similar excitations
in their immediate neighbors. As the low energy Hilbert space of such chains is isomorphic to that
of a chain of Fibonacci anyons, they have been proposed as a platform for topological quantum com-
putation and for simulating anyon dynamics. We show that generic local operators in the Rydberg
chain correspond to non-local anyonic operators that do not preserve a topological symmetry of the
physical anyons. Consequently, we argue that Rydberg chains do not yield Fibonacci anyons and
quantum computation with Rydberg atoms is not topologically protected.
PACS numbers:
I. INTRODUCTION
The low energy dynamics of many physical systems
takes place in Hilbert spaces that do not describe ten-
sor products of spatially local degrees of freedom. Cel-
ebrated examples include the restriction to the lowest
Landau level at high magnetic fields [1], and to local sin-
glet coverings in magnetic systems [2, 3]. These systems
are characterized by a set of local constraints—local op-
erators that commute with one other and with the Hamil-
tonian and take particular values at low energies, and are
described by (generalized) gauge theories. Gauge theo-
ries are ubiquitous in physics; in addition to describing
the particle content of the universe, they underlie myriad
condensed phases of matter, including superconductors,
quantum Hall fluids, and spin liquids [4–7].
Particles endowed with non-Abelian statistics emerge
as the quasi-particles or topological defects of various
strongly interacting quantum systems [8–21]. They de-
fine a second class of systems with non-factorizable
Hilbert spaces, in which the Hilbert space is constrained
by the fusion rules that encode the outcomes of fusing
pairs of particles. Although these constrained Hilbert
spaces can be isomorphic to those found in conventional
gauge theories [22, 23], the unconstrained space associ-
ated with the anyons is physically meaningless.
Recent experiments have created an elegant system
that naively appears to fall into both classes discussed
above [24–27]. Specifically, the system in Ref. [26] con-
sists of a chain of as many as 51 neutral atoms that can
support long-lived high principal quantum number “Ry-
dberg” excitations. When the lattice constant is small
enough, the low-energy thermodynamics and quantum
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2D topological fluid
(Zi, Zi+ 1) ≠ (1,1)
…
n 0 n 1 n N−2 n N−1 n N
(n i, n i+ 1) ≠ (1,1)
FIG. 1: Left: A chain of Fibonacci anyons in the fusion tree
basis. Each vertical leg carries charge τ , while the horizontal
bond i with label Zi represents the net fusion outcome of
fusing the anyons 1, . . . i with the boundary label Z0. The
Hilbert space is described by the labels Zi for 1 ≤ i ≤ N which
obey the constraint in Eq. (4) in each boundary condition
sector (Z0, ZN ). Right: a chain of Rydberg atoms in the
blockaded regime which obey the same constraint (Eq. (1)) in
each boundary condition sector (n0, nN ).
dynamics of the Rydberg system is restricted to a locally
constrained manifold by the Van der Waals interaction:
nini+1 = 0, (1)
where ni = 0, 1 is the occupation number of a Ryd-
berg excitation on the atom at site i [64]. While this
Hilbert space clearly has a gauge theory description, it
is also isomorphic to that of a set of non-Abelian “Fi-
bonacci” anyons [9, 22, 23, 28]. See Fig. 1. The isomor-
phism presents the tantalizing possibility that the Ryd-
berg chain, like the Fibonacci chain [29–31], can serve
as a platform for a variant of topological quantum com-
putation and for quantum information storage [32–35].
Indeed, previous work [32] has addressed the engineering
of specific anyon Hamiltonians (such the Golden chain
introduced by Ref. [22]) with Rydberg atoms. Should
Rydberg atoms yield Fibonacci anyons, then they would
further provide the first experimental realization of non-
Abelian anyons, as despite many decades of experimental
ar
X
iv
:1
90
9.
09
65
2v
1 
 [q
ua
nt-
ph
]  
20
 Se
p 2
01
9
2effort in semiconducting heterostructures [36] and more
recently, Indium nanowires [37–41], particles with non-
Abelian statistics have proven elusive in the laboratory.
In this article, we show that Rydberg chains cannot ro-
bustly simulate Fibonacci anyons for two related reasons.
First, generic local operators in the Rydberg chain are
non-local in the anyon chain. This non-locality is remi-
niscent of the transcription between spins and fermions
in the familiar Jordan-Wigner transformation. The non-
locality immediately implies that simulation of anyonic
dynamics with Rydberg atoms has to be infinitely fine-
tuned, and that the Rydberg atoms, unlike the Fibonacci
anyons, do not define topologically protected q-bits. Sec-
ond, the anyonic system exhibits a topological symmetry
that the Rydberg system does not. In the boundary con-
dition sector n0 = nN = 0, many operators in the Ryd-
berg chain do not commute with this symmetry, and thus
have no counterpart in the Fibonacci chain. Altogether
we conclude that the Rydberg system is properly thought
of as a generalized gauge theory (see Refs. [42–44]).
The outline of the article is as follows. We review the
properties of Fibonacci anyons and the fusion tree basis
in Section II, before presenting the map between the Ry-
dberg chain and the Fibonacci chain in Sec. III. We then
derive the topological symmetry of anyonic Hamiltoni-
ans in Sec. IV and provide examples of operators that
are topologically-symmetric. Finally, we discuss the de-
tails of trying to simulate Fibonacci anyons via Rydberg
atoms and the lack of topological protection for Rydberg
q-bits (Sec. V).
II. FIBONACCI ANYONS
Fibonacci anyons are non-Abelian particles in two di-
mensions [9, 45]. They arise as the quasi-particle exci-
tations of certain topologically ordered fluids, e.g. the
ν = 12/5 quantum Hall state [12]. When pinned into
a one-dimensional arrangement, we obtain the Fibonacci
chain discussed in Sec. II B .
We repeatedly use the process of braiding, or taking a
distant anyon around a cluster of other anyons, to con-
strain the properties of the Fibonacci chain. Although
the braiding operation can be represented as a unitary
operator in the Hilbert space of the one-dimensional Fi-
bonacci chain, we emphasize that the physical operation
can only be performed in two dimensions. In contrast,
the Rydberg chain can be measured and manipulated in
one dimension.
A. Fibonacci anyons in 2 dimensions
The fundamental degrees of freedom of the Fibonacci
chain are Fibonacci anyons, denoted by the symbol τ .
Fibonacci anyons have two defining properties. First, any
pair of Fibonacci anyons has a net anyonic charge of be
either 1 (meaning that the two anyons can be annihilated,
leaving no particles behind) or τ (meaning that if the two
anyons are brought close together, they will form a single
anyon of the same type). This total anyonic charge – the
fusion channel of the pair – is reminiscent of the total
spin of a pair of particles; we represent the possibilities
compactly through the following fusion rules [46]:
τ × τ = 1 + τ , τ × 1 = τ , 1× 1 = 1 . (2)
Unlike spin, however, the total anyonic charge of any
number of Fibonacci anyons necessarily takes on one of
only two values, 1 or τ .
The second defining property of Fibonacci anyons is
their anyonic statistics. Specifically, braiding one Fi-
bonacci anyon around another in two dimensions leads to
a net phase that depends on the total fusion channel of
the two anyons. This braiding operation is non-Abelian
in the sense that it is a matrix-valued operation in the
2-dimensional Hilbert space of the pair of τ anyons. In
Sec. II C, we describe how this matrix-valued operation
can be used to realize the operator that projects onto the
vacuum fusion channel of a cluster of τ -anyons.
We note that a system of non-Abelian anyons in two
dimensions is equivalent to a system of bosons with a ‘sta-
tistical interaction’ that is chosen such that the phases
due to braiding are accrued under adiabatic exchange (for
a detailed discussion, see Ref. [28, 47]).
B. Fibonacci chain and the fusion tree basis
The Fibonacci chain is composed of a line of N τ -
anyons with labels 1, . . . N . In Fig. 1, the vertical legs
represent the anyons; the anyonic charge of each leg is
τ . Each state in the Hilbert space of the Fibonacci chain
can be specified by a set of labels Zi for i = 1, . . . N − 1
on each horizontal bond. The Zi basis is called the fusion
tree basis, because the Zi labels satisfy the fusion rules
in Eq. (2):
Zi+1 = τ × Zi (3)
Since the trivial anyonic charge combined with the τ
anyon always gives a τ anyon, the Hilbert space consists
of all assignments of Zi obeying the constraint that no
two consecutive bonds take the value 1:
(Zi, Zi+1) 6= (1, 1) for 0 ≤ i ≤ N − 1. (4)
We define Zˆi to be the operator that measures the label
Zi on bond i:
Zˆi ≡
{
1, Zi = 1
−1, Zi = τ (5)
For open chains, the values of Z1 and ZN−1 are further
constrained by the boundary conditions – i.e. by the
values of Z0 and ZN in Fig. 1. For example, if Z0 = 1,
3then we must have Z1 = Z0×τ = τ , whereas if Z0 = τ , we
have Z1 = τ × τ ∈ {1, τ}. Physically, Z0 is the net fusion
channel of other anyons to the left of the Fibonacci chain,
while ZN is the net channel of the anyons to the right.
The four possible boundary condition sectors, (Z0, ZN ) =
(1, 1), (1, τ), (τ, 1) and (τ, τ), have different Hilbert space
dimensions:
nN = FN−1+R(Z0)+R(ZN )
N→∞≈ φ
N−1+R(Z0)+R(ZN )
√
5
(6)
where Fk is the k
th Fibonacci number, R(1) = 0, R(τ) =
1, and
φ =
1
2
(
1 +
√
5
)
(7)
is the Golden mean.
In deriving Eq. (6) –and indeed throughout this work
– we assume that the net fusion channel of the anyons
in the chain (green vertical legs in Fig. 1) with the two
boundary labels Z0 and ZN is one. This constrains the
total topological charge of the Fibonacci chain to be:
Net topological charge = Z0 × ZN (8)
In the (1, 1), (1, τ), (τ, 1) boundary condition sectors, the
net topological charge is unique and respectively given
by 1, τ and τ . If Z0 = ZN = τ however, the net charge
can either be 1 or τ .
In what follows, we treat the anyons in the Fibonacci
chain as point particles because they are well-separated
relative to the correlation length of the topological fluid
that they are embedded in.
C. Projectors onto fusion channels
We now discuss how braiding processes in the two-
dimensional topological fluid hosting the Fibonacci chain
determine the nature of the operators that can act on the
chain. We first describe how braiding a probe τ parti-
cle realizes the operator P 1N that projects a cluster of N
Fibonacci anyons onto the vacuum fusion channel. We
then discuss projectors involving a subset of the anyons
in the chain.
1. Realizing projectors through braiding
Consider a pair of probe τ anyons created from the
vacuum far away from the cluster of anyons forming the
Fibonacci chain. Braid one of the probe anyons τ0 around
the cluster keeping τ0 extremely far from the cluster at all
times, such that only the long-ranged statistical interac-
tions contribute to the accumulated phase. Then return
the system to its original state by annihilating the probe
particles into the vacuum. A space-time depiction of the
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t
<latexit sha1_base64="kG8jXD5vrtH3J1j wbG6sFbROCNU=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2m3btZh N2J0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCT TjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKLucZLyIKZDJSLBKFqphf1K1a25c5BV 4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnh07JuVUGJEq0L YVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY1GQjNGcqJJZRpYW8lbE Q1ZWizKdsQvOWXV4lfr93UvNZltVEv0ijBKZzBBXhwBQ24gyb4wIDDM7zCm/PovDjvzseidc0 pZk7gD5zPH0nDjLw=</latexit><latexit sha1_base64="kG8jXD5vrtH3J1j wbG6sFbROCNU=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2m3btZh N2J0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCT TjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKLucZLyIKZDJSLBKFqphf1K1a25c5BV 4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnh07JuVUGJEq0L YVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY1GQjNGcqJJZRpYW8lbE Q1ZWizKdsQvOWXV4lfr93UvNZltVEv0ijBKZzBBXhwBQ24gyb4wIDDM7zCm/PovDjvzseidc0 pZk7gD5zPH0nDjLw=</latexit><latexit sha1_base64="kG8jXD5vrtH3J1j wbG6sFbROCNU=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2m3btZh N2J0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCT TjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKLucZLyIKZDJSLBKFqphf1K1a25c5BV 4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnh07JuVUGJEq0L YVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY1GQjNGcqJJZRpYW8lbE Q1ZWizKdsQvOWXV4lfr93UvNZltVEv0ijBKZzBBXhwBQ24gyb4wIDDM7zCm/PovDjvzseidc0 pZk7gD5zPH0nDjLw=</latexit><latexit sha1_base64="kG8jXD5vrtH3J1j wbG6sFbROCNU=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2m3btZh N2J0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCT TjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKLucZLyIKZDJSLBKFqphf1K1a25c5BV 4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnh07JuVUGJEq0L YVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoOcqHSDLlii0VRJgkmZPY1GQjNGcqJJZRpYW8lbE Q1ZWizKdsQvOWXV4lfr93UvNZltVEv0ijBKZzBBXhwBQ24gyb4wIDDM7zCm/PovDjvzseidc0 pZk7gD5zPH0nDjLw=</latexit>
⌧
<latexit sha1_base64="q7Vzd14hmgCy4Ln lj6ACARYyIHM=">AAAB6nicbVBNS8NAEJ34WetX1aOXYBE8laQI6q3gxWMFYwttKJvtpl26uw m7E6GE/gUvHlS8+ou8+W/ctDlo64OBx3szzMyLUsENet63s7a+sbm1Xdmp7u7tHxzWjo4fTZJ pygKaiER3I2KY4IoFyFGwbqoZkZFgnWhyW/idJ6YNT9QDTlMWSjJSPOaUYCH1kWSDWt1reHO4 q8QvSR1KtAe1r/4woZlkCqkgxvR8L8UwJxo5FWxW7WeGpYROyIj1LFVEMhPm81tn7rlVhm6ca FsK3bn6eyIn0pipjGynJDg2y14h/uf1Moyvw5yrNEOm6GJRnAkXE7d43B1yzSiKqSWEam5vde mYaELRxlO1IfjLL6+SoNm4afj3l/VWs0yjAqdwBhfgwxW04A7aEACFMTzDK7w50nlx3p2PReu aU86cwB84nz+Jg44M</latexit><latexit sha1_base64="q7Vzd14hmgCy4Ln lj6ACARYyIHM=">AAAB6nicbVBNS8NAEJ34WetX1aOXYBE8laQI6q3gxWMFYwttKJvtpl26uw m7E6GE/gUvHlS8+ou8+W/ctDlo64OBx3szzMyLUsENet63s7a+sbm1Xdmp7u7tHxzWjo4fTZJ pygKaiER3I2KY4IoFyFGwbqoZkZFgnWhyW/idJ6YNT9QDTlMWSjJSPOaUYCH1kWSDWt1reHO4 q8QvSR1KtAe1r/4woZlkCqkgxvR8L8UwJxo5FWxW7WeGpYROyIj1LFVEMhPm81tn7rlVhm6ca FsK3bn6eyIn0pipjGynJDg2y14h/uf1Moyvw5yrNEOm6GJRnAkXE7d43B1yzSiKqSWEam5vde mYaELRxlO1IfjLL6+SoNm4afj3l/VWs0yjAqdwBhfgwxW04A7aEACFMTzDK7w50nlx3p2PReu aU86cwB84nz+Jg44M</latexit><latexit sha1_base64="q7Vzd14hmgCy4Ln lj6ACARYyIHM=">AAAB6nicbVBNS8NAEJ34WetX1aOXYBE8laQI6q3gxWMFYwttKJvtpl26uw m7E6GE/gUvHlS8+ou8+W/ctDlo64OBx3szzMyLUsENet63s7a+sbm1Xdmp7u7tHxzWjo4fTZJ pygKaiER3I2KY4IoFyFGwbqoZkZFgnWhyW/idJ6YNT9QDTlMWSjJSPOaUYCH1kWSDWt1reHO4 q8QvSR1KtAe1r/4woZlkCqkgxvR8L8UwJxo5FWxW7WeGpYROyIj1LFVEMhPm81tn7rlVhm6ca FsK3bn6eyIn0pipjGynJDg2y14h/uf1Moyvw5yrNEOm6GJRnAkXE7d43B1yzSiKqSWEam5vde mYaELRxlO1IfjLL6+SoNm4afj3l/VWs0yjAqdwBhfgwxW04A7aEACFMTzDK7w50nlx3p2PReu aU86cwB84nz+Jg44M</latexit><latexit sha1_base64="q7Vzd14hmgCy4Ln lj6ACARYyIHM=">AAAB6nicbVBNS8NAEJ34WetX1aOXYBE8laQI6q3gxWMFYwttKJvtpl26uw m7E6GE/gUvHlS8+ou8+W/ctDlo64OBx3szzMyLUsENet63s7a+sbm1Xdmp7u7tHxzWjo4fTZJ pygKaiER3I2KY4IoFyFGwbqoZkZFgnWhyW/idJ6YNT9QDTlMWSjJSPOaUYCH1kWSDWt1reHO4 q8QvSR1KtAe1r/4woZlkCqkgxvR8L8UwJxo5FWxW7WeGpYROyIj1LFVEMhPm81tn7rlVhm6ca FsK3bn6eyIn0pipjGynJDg2y14h/uf1Moyvw5yrNEOm6GJRnAkXE7d43B1yzSiKqSWEam5vde mYaELRxlO1IfjLL6+SoNm4afj3l/VWs0yjAqdwBhfgwxW04A7aEACFMTzDK7w50nlx3p2PReu aU86cwB84nz+Jg44M</latexit>
1
<latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit><latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit><latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit><latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit>
1
<latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit><latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit><latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit><latexit sha1_base64="m6/DXGsR9hlnwbM 6X9A4In0BVDs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cWjC20oWy2k3btZh N2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0Em mGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1vH6l6tbcOcgq 8QpShQLNfuWrN0hYFqM0TFCtu56bmiCnynAmcFruZRpTysZ0iF1LJY1RB/n80Ck5t8qARImyJ Q2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOxrMuAKmRETSyhT3N5K2I gqyozNpmxD8JZfXiV+vXZT81qX1Ua9SKMEp3AGF+DBFTTgDprgAwOEZ3iFN+fReXHenY9F65p TzJzAHzifP+RrjHk=</latexit>
⌘<latexit sha1_base64="JoZd5bLmAzxZPKt lmXbZgNtThYU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k4 27m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5k phj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7F nYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlS yKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTH F7K2F9qigzNqCiDcFbfHmZ+OeV64p3f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHf nY9664uQzR/AHzucPLo6PEA==</latexit><latexit sha1_base64="JoZd5bLmAzxZPKt lmXbZgNtThYU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k4 27m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5k phj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7F nYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlS yKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTH F7K2F9qigzNqCiDcFbfHmZ+OeV64p3f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHf nY9664uQzR/AHzucPLo6PEA==</latexit><latexit sha1_base64="JoZd5bLmAzxZPKt lmXbZgNtThYU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k4 27m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5k phj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7F nYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlS yKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTH F7K2F9qigzNqCiDcFbfHmZ+OeV64p3f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHf nY9664uQzR/AHzucPLo6PEA==</latexit><latexit sha1_base64="JoZd5bLmAzxZPKt lmXbZgNtThYU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k4 27m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5k phj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7F nYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlS yKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTH F7K2F9qigzNqCiDcFbfHmZ+OeV64p3f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHf nY9664uQzR/AHzucPLo6PEA==</latexit>
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cluster
Anyon 
cluster
x
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FIG. 2: Left: Space-time depiction of braiding process that
realizes P 1N . A pair of Fibonacci anyons is created from the
vacuum extremely far from the anyonic cluster of interest.
One member of the pair (τ0) is taken around the cluster, re-
maining at all times extremely far away from any anyons in
the cluster. The pair is then brought back together and an-
nihilated. Right: By deforming the world lines, the process is
represented as a closed loop encircling the anyon cluster.
entire process is shown in Fig. 2. Note that by deform-
ing the world lines, the process can be represented as a
closed loop encircling the anyon cluster (Fig. 2); this
representation will be particularly useful in Sec. IV.
Using the basic fusion and braiding data of Fibonacci
anyons in 2D [47], it is easy to show that the above pro-
cess is described by the operator [47]
Otest = |1〉〈1| − φ−2|τ〉〈τ | (9)
where |i〉 represents the state of the cluster with net fu-
sion channel i = 1, τ . We emphasize that the outcome of
the process depends crucially on the fact that we project
the two probe anyons onto the vacuum both before and
after the braiding experiment. Different choices of the
initial and final fusion channel for this pair will result in
different coefficients in front of the |τ〉〈τ | term in Eq. (9).
For a discussion of these more general statistical interac-
tions, see Ref. [47].
Intuitively, Eq. (9) tells us that if the cluster has a net
topological charge of 1, it is indistinguishable from the
vacuum at long distances and the statistical interaction
between τ0 and the cluster is zero. As the direct anyon-
anyon interactions decay exponentially in the distance
between the anyons in a gapped topological fluid, their
contribution to the accumulated phase of the joint wave-
function of the cluster and the probe anyons in the braid
operation also vanishes as the separation between τ0 and
the cluster becomes large. Thus, braiding τ0 around the
cluster is equivalent to braiding it around the vacuum,
and the probability that the probe particles annihilate
into the vacuum after the braid operation is one.
If the cluster has a net topological charge of τ on the
other hand, then the long-ranged statistical interaction
with τ0 can change the net fusion channel of the pair
of probe anyons. In this case, the probability that the
probe anyons fuse to the vacuum after the braid is less
4…
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P1N−i(i + 1,…N )
FIG. 3: Pictorial depiction of various operators of the Fi-
bonacci chain. The operator P 1i projects the fusion outcome
of the first i anyons in the Fibonacci chain to the vacuum
channel, while P 1N−i(i+ 1, . . . N) projects the outcome of the
anyons i+1, . . . N . The value of Zi can be measured through a
braid experiment around the boundary leg Z0 and the anyons
1, . . . i, or through a braid around the boundary leg ZN and
the anyons i+1, . . . N . By deforming the world-lines of either
braid experiment, we obtain the loop encircling the bond i.
than one.
Define PmN = |m〉〈m| to be the operator that projects
the N -anyon cluster onto a state with net charge m for
m = 1, τ . From Eq. (9) we see that:
Otest = P
1
N − φ−2P τN (10)
= (1 + φ−2)P 1N − φ−21 (11)
The braid experiment with probe τ particles can thus be
used to realize the operator P 1N that projects an N anyon
cluster onto the vacuum fusion channel. Notice that P 1N
is the net topological charge of the entire Fibonacci chain,
and is a c-number fixed by the boundary conditions in
all but the Z0 = ZN = τ boundary condition sector.
2. Projectors onto fusion channels of subsets of anyons
Braiding the probe τ0 anyon around a subset of anyons
in the Fibonacci chain defines the projection operator
that projects the subset into a specific fusion channel [65].
Let Pαn (i1, ...in) denote the operator that projects the
cluster of n anyons i1, ...in onto the fusion channel α =
1, τ . For example, P12 (i, j) projects anyons i and j into
the vacuum fusion channel. When the anyon site labels
are suppressed, the projector acts on all the anyons in
the chain to the left of the index in the subscript. Thus,
the symbol P 1i is short-hand for the following operator,
P 1i = P1i (1, . . . i), (12)
which projects the fusion outcome of the first i anyons in
the Fibonacci chain to the vacuum. See Fig. 3.
D. Relationship to Zˆi operators
The projectors P 1i are closely related to the Zˆi oper-
ators in certain boundary condition sectors. First, note
that P 1i does not act on the boundary label Z0. In con-
trast, we have
Z1 = τ1 × Z0 , Z2 = τ2 × Z1 , ... (13)
so that Zi can be interpreted as the net fusion channel
of anyons 1, . . . i with the boundary label Z0:
Zi = τi × (τi−1 × (. . . (τ1 × Z0))) (14)
If Z0 = 1, then Zi is simply the outcome of fusing
anyon i with anyons 1, ...i−1. Consequently, in the (1, 1)
and (1, τ) boundary condition sectors:
Topological charge of anyons 1, . . . i = Zi (15)
⇒ P 1i =
1 + Zˆi
2
(16)
In the (τ, 1) boundary condition sector, a similar re-
lation holds because of the identity Z0 × τ1 × ... × τi =
τi+1 × τi+2 × ...× ZN . As
Zi = τi+1 × (τi+2 × (. . .× (τN × ZN ))), (17)
and ZN = 1, we have:
Topological charge of anyons i+ 1, . . . N = Zi (18)
and P 1N−i(i+ 1, . . . N) = (1 + Zˆi)/2.
When Z0 = ZN = τ , Zi is not equivalent to the net
fusion outcome of anyons in the Fibonacci chain alone
(see Eqs. (14), (17)). In this case, the operator Zˆi acts
on the boundary labels and is not completely determined
by P 1i or P
1
N−i(i+ 1, . . . N) (although it commutes with
both projectors).
III. THE MAP BETWEEN
RYDBERG-BLOCKADED AND FIBONACCI
CHAINS
As summarized in Fig. 1, the states in the fusion tree
basis are in one-to-one correspondence with the occu-
pation number states of the nearest neighbor Rydberg-
blockaded chain in each boundary condition sector if we
identify:
|Zi = 1〉 ⇔ |ni = 1〉
|Zi = τ〉 ⇔ |ni = 0〉 (19)
The local constraint in Eq. (4) then corresponds to per-
fect Rydberg blockade Eq. (1).
The mapping does not preserve operator locality.
Specifically, local operators in the Rydberg chain gener-
ically map to non-local operators in the Fibonacci
chain. This is reminiscent of the one-dimensional Jordan-
Wigner transformation in which local spin operators that
anti-commute with parity are mapped to string operators
in the Majorana basis.
5For example, consider the operator nˆi, which measures
the occupation number of atom i in the Rydberg chain.
From Eq. (19), we find:
1
2
(1 + σzi ) ≡ ni ⇔
1
2
(1 + Zˆi) (20)
As discussed in Sec. II B, the operator Zˆi encodes the net
fusion channel of anyons 1, ..i with the boundary label Z0
(or equivalently, the fusion channel of anyons i + 1, ...N
with the boundary label ZN ) and thus requires i or (N−
i)-body measurements.
Similarly, the operator that flips the Rydberg occupa-
tion number on site i, σxi , maps to a sum of local and
non-local operators in the fusion tree basis:
σxi ⇔φ3/2P12 (i, i+ 1) +
√
φ(1− φ)
4
(Zˆi−1 + Zˆi+1)
− φ
5/2
4
Zˆi−1Zˆi+1 − (1− φ)
2
√
φ
Zˆi (21)
where we have suppressed an additive constant. Al-
though the first term in the RHS is a local projector
in the anyon chain, the remaining terms measure the net
fusion channel of all the anyons to the left of i−1 or i+1
with the boundary labels, and thus make the entire RHS
non-local.
Interestingly, local operators in the Fibonacci chain
map to local operators in the Rydberg chain. For ex-
ample, the projector onto the vacuum fusion channel of
anyons i and i+ 1 maps to:
P12 (i, i+ 1)⇔
σxi
φ3/2
− φ−1(ni−1 + ni+1 − 1)
+φni−1ni+1 +
(1− φ)
φ2
ni (22)
using Eqs. (20) and (21). More generally, consider an
interaction term of range m involving anyons k, k+m−1
and any number of anyons in-between. The interaction
term cannot modify the fusion outcome of fusing any
collection of anyons with indices in {1, . . . , k − 1, k +
m, . . .N} as it does not act on any of these anyons. More
stringently, the interaction term cannot measure fusion
outcomes associated with these anyons except for their
net fusion channels. Let Y` denote the net fusion chan-
nel of the group of anyons to the left {1, . . . , k − 1} and
Yr that of the group to the right {k + m, . . . , N}; our
projector is diagonal in Yl,r. As Zk−1 (Zk+m−1) is the
result of fusing Y` (Yr) with the boundary leg Z0 (ZN ),
we conclude that the interaction term is diagonal in the
Zk−1, Zk+m−1 basis and in general, depends on the values
of Zk−1, Zk+m−1. Note that the interaction term acts as
the identity on the bonds 1, . . . k−2, k+m, . . .N because
it cannot measure the internal structure of the left and
right groups. Thus, the interaction term at most con-
nects states that differ in their Zk . . . Zk+m−2 labels for
any choice of Zk−1, Zk+m−1, and maps to a local (m+1)-
body operator in the Rydberg chain.
IV. TOPOLOGICAL SYMMETRY OF
ANYONIC HAMILTONIANS
In this section, we argue that the Fibonacci chain’s to-
tal topological charge must be conserved under its own
dynamics, while the Rydberg chain has no analogous
conservation law. We call the principle underlying this
conservation “topological symmetry”, because it follows
from the braiding and fusion rules of the two-dimensional
fluid that hosts the Fibonacci anyons. We also discuss the
relationship to the topological symmetry of the Fibonacci
chain with periodic boundary conditions [22].
Suppose that the Fibonacci chain’s total topological
charge is ill-defined. Then, a generic eigenstate can be
decomposed as:
|E〉 = P 1N |E〉+ P τN |E〉 (23)
Next, consider performing the operation described in
Sec. II C. That is, consider creating a pair of τ parti-
cles from the vacuum infinitely far away from the chain,
bringing one of these around the system at a rate that
is sufficiently slow that it does not create any excitations
along its path, and re-annihilating the pair into a vacuum
state. From Eq. (9):
Otest|E〉 = − 1
φ2
P τN |E〉+ P 1N |E〉, (24)
Suppose the state |E〉 is non-degenerate. Since
Otest|E〉 6= |E〉, the process of braiding a test particle in-
finitely far away from the chain changes its energy. This
is clearly impossible for any physical system. Thus non-
degenerate eigenstates |E〉 must have a definite fusion
outcome.
Suppose the eigenspace at energy E is degenerate.
Then, Otest|E〉 is a linearly independent eigenstate with
the same energy as |E〉. That is, we can always diagonal-
ize the fusion outcome within the degenerate eigenspace.
Thus, in either case, we conclude that like total spin, the
total fusion outcome of our system is conserved under
the dynamics:
[H,P 1N ] = 0 (25)
where H is the Hamiltonian of the system. This is the
topological symmetry.
A few comments are in order. First, the Hamiltonian of
a Fibonacci chain is composed of operators that conserve
the total topological charge, much as the Hamiltonian
of a spin chain with spin-rotational symmetry is com-
posed of terms that conserve the total spin. Unlike in
the spin system, however, the topological symmetry does
not imply spectral degeneracy. In a SU(2)-symmetric
spin system, a fixed total spin Stot > 0 requires that the
system as a whole transform in a 2Stot + 1-dimensional
representation of SU(2). Fibonacci anyons have no ana-
logue of these representations; an isolated τ particle has
no internal quantum numbers apart from its total anyon
6charge. Correspondingly, Fibonacci anyons permit no
raising/lowering operators that commute with H.
Second, Ref. [22] identified a “topological symmetry”
associated with a particular operator that commutes with
H on a chain with periodic boundary conditions. Though
the operator in question (or, more specifically, its square)
is related to the braiding process described above, it is
physically distinct and represents a process that is spe-
cific to the periodic Fibonacci chain. In particular, the
topological symmetry with periodic boundary conditions
implies a 2-fold degeneracy in the spectrum. Nonethe-
less both operators capture the conserved quantity that
results from the topological order of the two-dimensional
fluid that the anyons are embedded in.
A. Number of linearly independent topologically
symmetric operators
The topological symmetry restricts the operators that
enter into the Fibonacci chain’s Hamiltonian in certain
boundary condition sectors. We begin here by counting
the total number of operators that obey topological sym-
metry.
In the (1, 1), (1, τ) and (τ, 1) boundary condition sec-
tors, the topological symmetry places no constraints on
the anyonic system’s Hamiltonian because P 1N is a c-
number. In the (τ, τ) sector however, Eq. (25) imposes
that the Hamiltonian is block-diagonal on the two possi-
ble fusion outcomes. To see that this reduces the number
of possible operators entering the Hamiltonian, note first
that any topologically symmetric operator O can be ex-
pressed as:
O = P 1NOP
1
N + P
τ
NOP
τ
N (26)
= Oˆ1 + Oˆτ (27)
The number of linearly independent operators Oˆ1 is
the number of linearly independent operators in the Fi-
bonacci chain with (1, 1) boundary conditions because
the fusion tree basis with Z0 = ZN = 1 is a basis for
the Hilbert space with P 1N = 1. Similarly, the number of
linearly independent operators Oˆτ is the number of lin-
early independent operators in the (1, τ) or (τ, 1) sectors.
Thus, from Eq. (6), the total number of linearly inde-
pendent topologically symmetric operators acting on an
anyonic chain with N anyons is:
nop = F
2
N−1 + F
2
N (28)
We observe that nop is less than the number F
2
N+1 of lin-
early independent operators in the (τ, τ) boundary con-
dition sector. Thus, not all Hermitian matrices in the
(τ, τ) sector represent valid anyonic Hamiltonians.
B. Examples of topologically symmetric operators
We now investigate which operators commute with
the topological symmetry. We show that any projector
P1m(i1, ...im) that projects onto the vacuum fusion chan-
nel for any subset of m anyons commutes with the total
topological charge, while operators such as Zˆi that de-
scribe the net fusion channel of anyons in the chain with
the boundary labels do not. As the topological symmetry
acts non-trivially only in the (τ, τ) boundary condition
sector, here we restrict our attention to this case.
Recall that the projector P1m(i1, . . . im) can be carried
out by first separating anyons i1, . . . im from the other
anyons in the chain, and then braiding a probe anyon
around this subset of anyons (see Sec. II C 1). An impor-
tant feature of the braiding process is that it commutes
with PN1 . A diagrammatic “proof” follows from the rep-
resentation of P1m(i1, . . . im) as a loop around the world-
lines of the anyons with labels i1, . . . im (see Fig. 4), on
noting that loops in the space-time representation that
are able to freely pass through one another indicate com-
muting projectors. (Conversely, loops that cannot slide
past one another represent measurements that do not
commute). For further details on the mathematics un-
derlying the diagrammatic calculus, see Ref. [48]. As the
loop around the world lines of all N anyons can be passed
through any loop encircling a subset of the anyons:
[P 1N ,P1m(i1, . . . im)] = 0 (29)
Thus, projectors onto a given fusion channel of a subset
of anyons are topologically symmetric operators. The
analogue of this statement in the SU(2)-symmetric case
is that the total angular momentum of any subset of the
spins respects the global SU(2) symmetry.
The next question is whether these projectors consti-
tute a complete basis for all operators compatible with
topological symmetry. Here simple counting arguments
do not suffice: a super exponential in N number of
topologically symmetric operators can be constructed by
taking tensor products of the different projection oper-
ators P1m(i1, . . . im). These operators must be linearly
dependent, as their number exceeds the total number of
linearly independent topologically symmetric operators
nop ∼ φ2N (see Eq. (28)). Nevertheless, we expect that
these operators span the topologically symmetric oper-
ator space, as they completely specify the information
about the state of the system accessible by measurements
on the anyons in the chain. Indeed, in the (1, 1), (τ, 1),
and (1, τ) boundary condition sectors, we can use the
mapping between Rydberg operators σxi and σ
z
i and non-
local projectors (Eqs. (16), (18), (20), (21)) to construct
a basis of topologically symmetric operators in terms of
projectors. Thus, any topologically symmetric anyonic
Hamiltonian can be expressed as a sum of products of
projection operators P1m(i1, . . . im).
With (τ, τ) boundary conditions, the operators cor-
responding to the local Rydberg operations σzi and σ
x
i
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FIG. 4: Illustration of loops representing different braiding
operations on the Fibonacci chain. As explained in detail in
Ref. [48], loops that can slide past each other freely (such
as those associated with the projectors P 1N and P
1
m(i1, ...im)
shown in panel (a)) commute, while loops that cannot slide
freely past each other (such as those associated with P 1N and
Zˆi, see panel (b)) do not.
are not topologically symmetric. The space-time dia-
gram in Fig. 4(b) provides the diagrammatic proof. From
Eq. (20), σzi maps to the projector associated with a
braiding process that encircles the boundary label Z0, as
well as the anyons in the chain with labels 1, . . . i. The
resulting loop cannot freely slide past a loop encircling
all anyons in the chain; hence
[σzi , P
1
N ] 6= 0. (30)
Similarly, using the expression for σxi in Eq. (21) in terms
of projectors that encircle the boundary leg with label 0,
it is easily shown that [σxi , P
N
1 ] 6= 0. We note that finely
tuned combinations of operators in the Rydberg chain
can be topologically symmetric if they are an algebraic
combination of projectors onto a subset of the anyons in
the chain.
V. SIMULATING FIBONACCI ANYONS WITH
RYDBERG CHAINS
A. Hamiltonians with (1, 1), (1, τ), and (τ, 1)
boundary conditions
In Sec. IV, we showed that all operators in the con-
strained Hilbert space conserve the total topological
charge of the chain in the (1, 1), (1, τ), and (τ, 1) bound-
ary condition sectors. However, in Sec. III, we pointed
out important differences in locality between operators
in the Rydberg and Fibonacci chains. For example, in
the (1, 1) boundary condition sector, the local Rydberg
operator ni ≡ 12 (1 + σzi ) is represented in the Fibonacci
model by P 1i , which projects all anyons to the left of bond
i into the vacuum fusion channel. The operator σxi simi-
larly maps to sums of non-local projectors (see Eq. (21)).
Superficially, these differences in locality are reminiscent
of those arising in the mapping between the 1D Ising
chain and the 1D Majorana chain [11]. However, there is
an important distinction: in the latter case, Ising sym-
metric operators are local in both representations, such
that aspects of the dynamics of one model can be use-
fully studied with the other. In the case at hand, there
appears to be no symmetry (or other reasonable restric-
tion) on operators in the Rydberg chain such that they
produce only local operators in the anyon chain. As a
consequence, any realistic attempt to create a Fibonacci-
type Hamiltonian with Rydberg atoms [32] must be the
result of fine-tuning, such that only the specific linear
combinations of products of σx and σz that are local in
the anyon model appear. Deviation from this fine-tuning
results in an effective Hamiltonian for the Fibonacci chain
that is non-local.
B. Hamiltonians with (τ, τ) boundary conditions
With (τ, τ) boundary conditions, the net topological
charge of the anyon chain can be 1 or τ , and topological
symmetry imposes non-trivial constraints on the Hamil-
tonians. Since the Hilbert space has dimension FN+1
for an N -anyon chain, the total number of operators in
the Rydberg Hilbert space is F 2N+1; however as discussed
in Sec. IV A, only F 2N + F
2
N−1 of these are compatible
with conservation of topological charge. These include
the projectors P im(i1..., im).
Thus, in addition to the important differences in local-
ity between Fibonacci and Rydberg Hamiltonians, the
spectrum of a Fibonacci chain is block diagonal in the
total topological charge, while the spectrum of generic
Rydberg Hamiltonian is not. This has striking conse-
quences for the energy spectrum of a Fibonacci chain:
1. The energy spectrum with (τ, τ) boundary condi-
tions is a direct sum of the energy spectra with
(1, 1) and (1, τ) boundary conditions.
2. The energy spectrum with (1, τ) boundary condi-
tions is identical to that with (τ, 1) boundary con-
ditions.
These properties of the Fibonacci spectrum could be ex-
ploited to test whether a given Rydberg chain is success-
fully emulating a chain of non-abelian anyons.
C. Consequences for topological quantum
computing
One of the most important motivations for construct-
ing quantum simulators that emulate the Fibonacci
chain is to exploit the potential of Fibonacci anyons
for universal topologically protected quantum computa-
tion [30, 48–51]. We thus discuss some specific architec-
tures for Fibonacci q-bits, their analogues in the Rydberg
picture, and the fate of topological protection in the face
of random noise in the Rydberg Hamiltonian.
Any Fibonacci chain segment with two or more anyons
defines a q-bit by associating the states of total topo-
logical charge 1 and τ with the two z-states of the q-
bit. (Evidently, each chain segment must be in the (τ, τ)
8boundary condition sector to be able to represent both
possible fusion outcomes). The topological charge of each
segment is conserved by any Hamiltonian involving only
the anyons on that particular segment; hence the infor-
mation is topologically protected in as much as different
segments can be isolated from each other. Additionally,
if the anyons within the segment are weakly interacting,
then the energy splitting between the two fusion channel
outcomes of each segment can be very small. For exam-
ple, if the segment contains two well-separated Fibonacci
anyons, the splitting between the 1 and τ fusion channels
is expected to be exponentially small in the separation.
A q-bit of this type is shown in Fig. 5.
One of the appealing features of non-abelian anyons
for applications in quantum computing is that, at least
in theory, it is possible to manipulate the state of the
q-bit through non-local (braiding) processes, whereas all
local operators preserve the state of the q-bit. For the
2-anyon q-bit, the braiding process brings a third anyon
between the pair involved in the q-bit (which we assume
to be well-separated relative to any relevant correlation
lengths); such a process has some amplitude of flipping
the state of the q-bit from 1 to τ (and vice versa). Fi-
bonacci anyons are a particularly exciting platform for
this type of quantum computing since braiding opera-
tions can be used to realize a universal set of quantum
gates – in contrast to platforms involving Majorana zero
modes, which cannot [52] .
However, there are several obstacles to using Rydberg
atoms to simulate Fibonacci q-bits. First, there is no
topological symmetry leading to a conserved fusion out-
come for each chain segment of Rydberg atoms. In par-
ticular, the on-site Rydberg operators σxi and σ
z
i for i
within the segment fail to conserve the segment’s topolog-
ical charge. Thus, the q-bit’s state is affected by random
noise in these on-site terms. Second, since the braiding
operation is a feature of the anyons in two dimensions,
the topologically protected manipulation of quantum in-
formation is also not easily achievable with local Rydberg
Hamiltonians. Specifically, the braiding process between
two anyons separated by a distance m maps to a (m+1)-
body fine-tuned unitary gate on the Rydberg atoms; any
noise on the unitary gate would decohere all the q-bits
defined by the (m+ 1) Rydberg atoms.
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FIG. 5: An example of a q-bit composed of one segment of
Fibonacci chain, with two well-separated Fibonacci anyons.
Information is encoded in the net topological charge of the
2-anyon system, which can take on values of 1 or τ .
VI. CONCLUDING REMARKS
In closing, we have described the connection between
two different physical problems with isomorphic Hilbert
spaces—those of the Rydberg chain characterized by lo-
cal constraints and of Fibonacci anyons characterized by
anyonic fusion rules. The mapping is different from the
more familiar Jordan-Wigner mapping between spins and
fermions in one dimension in several respects. Specif-
ically, we find that operators that are local in the Fi-
bonacci chain are also local in the Rydberg chain, while
local Rydberg operators generically map to non-local
anyonic operators. In addition, the Fibonacci chain has
a topological symmetry arising from its embedding in a
two-dimensional topologically ordered fluid, which has
no natural analogue in the Rydberg model. Finally, we
showed that the non-locality of the mapping between
the spaces implies that q-bits in the Rydberg chain do
not have the desired topological protection of quantum
information. Irrespective of the application to anyonic
simulators, we expect the fascinating interplay of the-
ory [34, 53–62] and experiment [24–27] to uncover many
new features of constrained systems using the Rydberg
atomic simulator.
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